INTRODUCTION
Estuarine and coastal systems are among the most heavily invaded systems by exotic organisms (Grosholz 2002) . Moreover, it is suspected that the extent of marine invasions may be greatly underestimated due to uncertainty about systematics and historical biogeography (Geller et al. 1997) . One example of these limitations is the report of cryptogenic species, i.e. species that are not demonstrably native or introduced, with a frequency that rivals that of known invasions, at least in estuaries and coastal areas under heavy propagule pressure (Carlton 1996) . 'Cryptogenic' has been largely applied to organisms with a widespread distribution, as it is often difficult to tell truly cosmopolitan species from those spread by human action or even from complexes of cryptic species erroneously described as a single one. Yet, even non-cosmopolitan species are occasionally labelled as cryptogenic, for example, when the reputed area of introduction is close to the native range of the species. Under those circumstances, it can be equally difficult to discriminate between human-mediated introduction and natural range expansion, particularly at a time when global warming is recurrently suspected of bringing on changes in range distributions (Helmuth et al. 2006 , Parmesan 2006 .
The nassariid gastropod Cyclope neritea provides an example of this latter situation. Early surveys (Hidalgo 1917 , Nobre 1932 show that the native range of this ABSTRACT: Confined to a single enclave for more than a decade, the nassariid gastropod Cyclope neritea has expanded its range along the NW Iberian Peninsula (NWIP) region, forming dense populations in several locations. Unintended introductions from imported live shellfish seemed to be the probable vector for this recent proliferation. However, the relative proximity to the edges of the native range of this snail, together with some recent findings in areas similarly invaded by C. neritea (French Atlantic coast), raised the possibility that the species might be present in the NWIP for reasons other than human-mediated transfer. Moreover, it was unknown whether the recent proliferation was due to new independent re-introductions or to the spread from the earlier population. To provide some insight into these questions, we utilized the mitochondrial marker cytochrome oxidase I (533 bp) from individuals collected in 3 localities thought to cover the current known range of the species in the NWIP. Our results strongly confirm the non-native status of C. neritea, pointing to humaninduced introductions as the probable cause for its presence in the NWIP. The Veneto region (Adriatic Sea) is the likely source for the introduced snails, while Manila clam transfers might be the major, even unique, vector of introduction, at least for the more recently settled localities. Recent independent re-introductions, rather than spread from an earlier introduction, appear to be the likely cause for the current proliferation of C. neritea within the region. Bachelet et al. 2004 ).
Human-mediated transport with cultivated bivalves (mostly oysters) from various distant sources, perhaps favoured by a slight warming of the area during the period from 1970 to 1990, was soon identified as the most likely mechanism for this rapid range expansion (Sauriau 1991 , Bachelet et al. 2004 ). However, a recent mitochondrial-based study detailing the genetic structure of those 'new' French populations has renewed the possibility that this gastropod may have been present in the area before the 1970s, thus showing characteristics of a cryptogenic species (Simon-Bouhet et al. 2006 ). We provide molecular-based evidence on the status of Cyclope neritea in another area similarly close to the edges of its native distribution range: the NW Iberian Peninsula (NWIP), nearly halfway between the northern limit of the continuous distribution range of this snail in Setúbal and the isolated enclaves historically known to occur in the inner coastal areas of the Bay of Biscay. In this region, a permanent, moderately abundant population of C. neritea was first detected in the early 1990s on the southern bank of the Ría de Arousa (Rolán 1992) . The species apparently remained largely confined until the early 2000s when it augmented its presence within the region; dense populations are now found at enclaves scattered along the south shore of the Ría de Arousa, and an isolated population has even been recently detected in the adjacent Ría de Pontevedra (Quintela et al. 2006) . Rias in NWIP are home to intense aquaculture activity (mostly mussels and several species of clams). The transfer of live animals of diverse ages from various, sometimes very distant, sources has been common practice for years. Therefore, the unintended introduction together with cultivated shellfish seems to be the most parsimonious hypothesis to explain the appearance and expansion of C. neritea. However, the relative proximity to its native range, taken together with the aforementioned findings along the French Atlantic coast, brings up the possibility that C. neritea might be present in NWIP rias not solely as a consequence of human-mediated transfer. Moreover, the long time lag since C. neritea was first detected in NWIP suggests that new reintroductions, rather than a spread from the earlier population, might account for its recent increase within the region. Finally, we considered that some baseline molecular data were needed at this purportedly early phase of spread, should C. neritea continue proliferating along the region in years to come. To give some insight into these 3 questions, we have conducted a mtDNA-based study using individuals from 3 different localities covering the current known range of the species in the NWIP.
MATERIALS AND METHODS
We sequenced a 533 bp fragment of the mitochondrial cytochrome c oxidase I (cox1) gene from 90 adult specimens collected from 3 different localities (presumed populations). This DNA segment lies within the 658 bp used by the 'Barcode of Life' initiative for animals (Hebert et al. 2003) . Sampling in January 2006 included both the area where Cyclope neritea was first detected in NWIP (older location: A Toxa) as well as the 2 edges of its present distribution range within the region (recent locations: Vilagarcía, Poio) ( Table 1, Fig. 1 ). It is important to note that C. neritea has been recorded at various enclaves between A Toxa and Vilagarcía, but no record of the snail's presence exists between A Toxa and Poio (E. Rolán pers. comm.). All sampling sites were located on or immediately adjacent to clam beds where the substratum consisted of fine sand. C. neritea was abundant at the 3 sites and several tens of animals could be easily collected in a few minutes. Laboratory procedures followed those of Bachelet et al. (2004) , with only 2 modifications: (1) total DNA was extracted from foot tissue using 10% Chelex solution (Estoup et al. 1996) , and (2) PCR products were sequenced on a Beckman Coulter CEQ 8000 Genetic Analysis System. Sequence data were aligned using CLUSTAL X with default parameters (Thompson et al. 1997) . Sequences were compared with those published in GenBank using the BLAST program (Altschul et al. 1990 ). Whenever possible, haplotypes were coded according to Simon-Bouhet et al. (2006) . Data analysis included several estimates of DNA polymorphism for each presumed population calculated with the software DNASP version 4.10.4 (Rozas et al. 2003) : haplotype diversity (H E ), Nei's (1987) nucleotide diversity (π), number of haplotypes (N H ), and number of segregating sites (S). The significance of the 2 statistics of molecular diversity among sites was tested using the parametric GT2-method (Hochberg 1974) . The haplotype composition of each locality was also analyzed. Because our samples included several haplotypes not previously detected in a wider study by Simon-Bouhet et al. (2006) , their genealogical relationship with those already known for the species was inferred by the median-joining network approach implemented in NETWORK version 4.2.0.1 (available at www. fluxusengineering.com/) using the maximum parsimony option to reduce the complexity of the resulting pattern (Bandelt et al. 1999) . Finally, regional genetic structure was investigated using analysis of molecular variance (AMOVA, Excoffier et al. 1992) ; both overall and pairwise genetic differentiation was quantified by calculating Φ ST statistics (analogous to F ST values) and their significance tested using multiple (1023) random permutations with ARLEQUIN version 3.01 (Excoffier et al. 2005) .
RESULTS
We detected 7 haplotypes from a total of 90 individuals. No indels were detected. Most individuals belonged to 3 haplotypes already described in a previous comprehensive study conducted across a large section of the recognized native range of the species (Simon-Bouhet et al. 2006): haplotype H22 (55.5%), H16 (25.5%) and H17 (13.3%) ( Table 2 ). The remaining 4 were found at very low frequencies and included 
2 sequences not previously described for the species (coded G1 and G2). Haplotype G1 (GenBank Accession no. EF534201) was genealogically close (1 mutational step) to haplotype H17. Haplotype G2 (GenBank Accession no. EF534202) differed by 1 substitution from the also infrequent haplotype H33 (published by Simon-Bouhet et al. in GenBank under Accession no. DQ985612); both G2 and H33 were separated by 5 or more mutational steps (haplotypic network not shown) from any other sequence (including the 29 haplotypes described by Simon-Bouhet et al. 2006) . Haplotype distribution varied across localities ( Fig. 1) : haplotype H22 dominated the 2 recent locations (Vilagarcía, Poio), while specimens in the older location (A Toxa) were more evenly distributed among haplotypes H16, H17 and H22. The latter was also the location where the 2 genealogically distant haplotypes G2 and H33 were recorded. Genetic diversity was consistently high in the 3 sampled localities (Table 1) . Nineteen sites were polymorphic over the whole data set and the minimum number of segregating sites per locality was 12. As a result, the average number of nucleotide substitutions per position was around 1%, both over the whole data set as well as on a per population basis. Despite the overall high level of molecular diversity, nucleotide and haplotype diversities were significantly higher in the older locality as compared with the more recent ones (Table 3) . There was also a significant genetic structure among our 3 samples as evidenced by a statistically significant overall Φ ST value (0.131, p < 0.01). Pairwise comparisons revealed that this structure was due to the significantly different haplotype composition of individuals from the older locality (Table 3 ). In contrast, the 2 recent localities, despite being located in different rias, were genetically indistinguishable.
DISCUSSION
In their comprehensive study, Simon-Bouhet et al. (2006) showed that the populations from the native range of Cyclope neritea display very low levels of cox1 genetic diversity almost to the point that most of them are monomorphic or nearly so (mean genetic diversity estimates for their native populations were 0.218, 2.4, 6.7 and 0.246 for H E , N H , S and π, respectively). Furthermore, cox1 gene lineages are split across regions within the native range such that locations from the Iberian Peninsula are characterized by haplotypes belonging to their clade 1. Should the individuals within the 3 sampled NWIP sites be the result of a natural spread from native Iberian Peninsula populations or, as suggested in the French case, be already present at very low densities, it seems reasonable to anticipate that the haplotypes from that clade 1 would be present in them. In contrast, none of our 90 haplotypes belonged to clade 1 or was even genealogically close to it. In addition, C. neritea from our 3 localities displayed high levels of genetic diversity. These 2 observations strongly support a non-native origin for our NWIP individuals. Actually, haplotype identities and frequencies at the 2 more recent locations (i.e. a preponderance of haplotype H22 followed by haplotypes from clade 2, see Fig. 1 ) largely resembled those reported by Simon-Bouhet et al. (2006) for native populations from the Veneto region (Adriatic Sea). Since this region is a major source of the Manila clams Tapes philippinarum imported to shellfish farms in NWIP rias, our results strongly suggest that the transport of Manila clams from the Veneto region may be a major vector for the more recent (early 2000) introduction of C. neritea to NWIP rias. Indeed, Manila clam exchanges may even be the unique vector for those introductions. The 2 populations studied by SimonBouhet et al. (2006) in the Veneto region showed genetic diversity levels unusually high for a native population (N H = 5 to 6, H E = 0.543 to 0.603, π = 0.769 × 10 2 to 1.251 × 10 2 ), but reasonably similar to those recorded in our non-native NWIP localities. Thus, it seems sensible to suggest that the high genetic diversity recorded within NWIP localities may have originated from a unique introduction event from a highly diversified native population (in the Veneto region) rather than from recurrent introductions from multiple sources. A similar explanation has been suggested for some C. neritea introductions into French Atlantic coastal areas where exchanges of Manila clams with the Venice Lagoon are likewise frequent (SimonBouhet et al. 2006) .
Albeit clearly non-native, the sample from A Toxa shows distinct genetic features. Its dominant haplotypes are also common in the Veneto region. Moreover, the presence of 2 genealogically divergent haplotypes (G2 and H33) resembles the presence of similarly distant haplotypes in the samples from the Veneto region (haplotypes H28 and H29 in Simon-Bouhet et 144 (Rolán et al. 1985 , Rolán 1992 ) rather than to the Manila clam importations identified here as the likely vector for more recent introductions. Irrespective of its precise origin, the distinctive genetic makeup of A Toxa rejects natural spread as a likely mechanism for the recent proliferation of C. neritea within the NWIP. This snail has no planktonic larval stage (Gomoïu 1964) and it is often assumed that its potential to disperse is rather limited. Any hypothetical spread within the region should have favoured the occurrence of genetically similar new colonies in geographically close sites. In contrast, A Toxa is significantly differentiated from each of the 2 other locations despite its placement halfway between them. The potential consequences, if any, of this invasion for the resident community remain uncertain (Bachelet et al. 2004) . Cyclope neritea is considered a nuisance in NWIP clam farms where it has reached exceptionally high densities. The conclusion that C. neritea has recently proliferated within the NWIP due to humanmediated transport rather than by natural spread of an earlier introduction would imply that any hypothetical control measure should concentrate on avoiding new re-introductions from abroad as well as internal transfers from currently infected areas (e.g. restricting the exchange of clams between NWIP farms).
In conclusion, our results strongly support the nonnative status of Cyclope neritea in NWIP rias and point to human-induced introductions as the probable cause of its presence in this area. The Veneto region is a likely source for the introduced snails and, at least for the more recent locations, Manila clam transfers appear to be the major, even unique, vector. The current proliferation of C. neritea within the region probably results from recent independent re-introductions rather than from the spread of the first permanent population detected more than a decade ago in the southern bank of the Ría de Arousa.
